Fungicidal activities against phytopathogenic fungi of diarylthiazole compound of 4-[5-(2-cyclopropylaminopyrimidin-4-yl)-4-(4-fluorophenyl)thiazol-5-yl]-1-methylpiperidine (I) have been determined to be excellent and compound I was used as the leading compounds in this study. Furthermore, the compound was synthesized by reacting them with five functional groups, 4-fluoro-3-methylphenyl, 4-fluoro-3-chlorophenyl, 4-chloro-2-fluorophenyl, 4-bromo-3-methylphenyl and 2,4-dichlorophenyl groups instead of 4-fluorophenyl group. Also, 2-amino-, 2-(Nethoxycarbonyl)piperidin-4-yl-, and 2-piperidin-4-yl-thiazole were introduced as the leads instead of 2-Nmethylpiperidine-4-yl-thiazol of compound I. VIII-1~VIII-5 and XIII-1~XV-5 compounds were newly synthesized and their structures were confirmed by 1 H-NMR-spectrum. The fungicidal activities of all the synthesized compounds against Phytophthora capsici were examined using the whole plant method. Among the VIII-1 ~VIII-5 and XIII-1~XV-5 chemicals, XIV-3 showed the most potent antifungal activity in vivo. While the EC 50 and EC90 values of the commercial fungicide dimethomorph and I were 4.26±0.02, 14.72±0.05 and 1.01±0.11, 6.31±0.09 mM, those of 4-[5-(2-cyclopropylaminopyrimidin-4-yl)-4-(4-chloro-2-fluorophenyl)thiazol-5-yl]-1-methylpiperidine (XIV-3) was 0.98±0.21 and 5.85±0.05 mM. Therefore, XIV-3 can be considered as a viable candidate for the control of plant diseases caused by P. capsici, and further studies will be conducted on the mode of action XIV-3.
Introduction
P. capsici is a soil-borne fungal pathogen that significantly hampers agricultural production of certain species of peppers (Biles et al.,1992) . P. capsici has an extensive host range, including but not limited to eggplant, cucumber, watermelon, pumpkin, squash, cocoa, macadamia plants, and peppers (Zhiwei et al., 2006) . Phytophthora blight on peppers can manifest as spotting and wilting of the roots, stems, leaves, and fruit (Biles et al., 1993) . The pathogen can survive in unfavorable soil conditions by forming thick-walled oospores, whereas dissemination and infection are accomplished through the production of motile zoospores from the zoosporangia. The zoospores swim via water present in the soil and are drawn to exudates, which are released by the roots of the potential host plant (Morris et al., 1998) . After the zoospores have adhered to the root surface, they encyst and produce a germ tube precisely oriented so that it grows into adjacent host plant tissue.
The progression from zoospores to germlings is triggered by environmental signals, some of which are produced by the plant root. Receptors on the surfaces of the zoospores, cysts, and germtubes detect the environmental signals that trigger or orient each developmental event. Because of its highly destructive effect on infected plants, strategies to detect P. capsici and prevent infection by this pathogen have been extensively investigated. This infection can be readily found in pepper and tomato plants in southern Korea (Rajkumar et al., 2005) .
To reduce the failure of fungal disease management by the currently used fungicides, new compounds with high efficacy and selectivity against target species are desirable (Huang et al., 2007) . Several studies on the synthesis of thiazole derivatives have already been published, reflecting the growing interest in the chemical and biological significance of these chemicals (Xu et al., 2004) .
The objective of present study is to develop a new environmentally-sound fungicide to control pepper Phytophthora blight by optimizing novel scaffolds for commercial use.
Recently, bio-pesticides were intensively studied (Hodges et al., 1993; Zhou and Boland, 1998 ) but its efficacy is lower than synthetic pesticides and fluctuates extensively, which pronounces a possibility to be an ecosystem hazard. (Choi et al., 2010; Nam et al., 2011) .
4-[5-(2-
Therefore, in the present study, based on the structural features of thiazole, compounds that substituted phenyl group of I with 4-fluoro-3-methylphenyl, 4-fluoro-3-chlorophenyl, 4-chloro-2-fluorophenyl, 4-bromo-3-methylphenyl, 2,4-dichlorophenyl group instead of 4-fluorophenyl group were designed and synthesized. To these compounds, 2-aminothiazole, 2-(N-ethoxycarbonyl)-piperidin-4-yl, and 2-piperidin-4-yl-thiazole were adapted instead of the amine of piperidine groups containing N-methyl group and investigated their bioactivities and fungicidal activities on P. capsici.
Materials and Methods
Pathogen P. capsici was kindly supplied by the National Institute of Agricultural Science and Technology (NAAS, Suwon, Korea). This species was sub-cultured on potato dextrose agar (PDA) (3.9 g) in water (100 mL) at 15 atm and 121℃ for 15 min and then uniformly sprayed on a petri dish. P. capsici was was inoculated onto the medium at intervals of 5 mm and was then used to test for antifungal activity for 4~7 days at 20~25℃ and 70% humidity in a darkroom. H-NMR spectroscopy was carried out on a Bruker 400 NMR spectrometer (Bruker, Ettlingen, Germany), The IR spectra were recorded on a Jasco FT (Fourier Transform)/IR-4100 Fourier-transform spectrometer (JASCO, Tokyo, Japan).
In vitro fungicidal activity
The in vitro test determines the inhibition of mycelium of the compound under investigation in the agar culture medium (Li et al., 2005) . A bioindicator (Table 5 ) was established and used in the test. The suspended solution was prepared at the concentrations needed to obtain 40 mg/L of the studied substance after dilution with the agar culture medium (PDA). Petri scale pans were used, into which the agar culture medium and the studied substance were poured. As the culture medium set, the infectious material of the tested fungus, in the form of agar disks overgrown with mycelium, was placed at three sites on its surface. All other chemicals were of reagent grade.
The linear growth of the mycelium colony was measured after 7 days, depending on the mycelium culture (Kim et 
In vivo fungicidal activity
The plant disease evaluated was Phytophthora blight of red pepper caused by P. capsici. The fungi were routinely kept and monitored on PDA slants and V-8 agar slants, and kept for stock at 4℃. The fungicidal activity of the test sample was determined by the whole plant method in a greenhouse, as previously described (Lee et al., 2001) 
Statistical analysis
Analysis of variance was performed with the procedure formulated by SAS version 9.1 (SAS Institute, Cary, NC).
If p > F was less than 0.01, the means were separated with the least significant difference (LSD) test at the p = 0.05 level.
Synthesis
Synthesis of compounds designated as VIII-1~VIII-5, XIII-1~XV-5 are shown in Fig. 1 and 2. Compound I by The residue was re-crystallized from ethyl acetate and hexane to give VIII-1 (0.50 g, 51.1%), VIII-2 (0.56 g, 54.3%), VIII-3 (0.62 g, 60.0%), VIII-4 (0.61 g, 53.0%), and VIII-5 (0.71 g, 67.6%) as yellow solids (Table 1 ). Trimethylsilyliodide (1.27 g, 6.36 mM) was added to a solution of XIII-1 (1.02 g, 2.12 mM), XIII-2 (1.06 g, 2.12 mM), XIII-3 (1.06 g, 2.12 mM), XIII-4 (1.15 g, 2.12 mM), and XIII-5 (1.09 g, 2.12 mM) in chloroform (10 mL) was added trimethylsilyliodide (1.27 g, 6.36 mM).
After the addition was completed, the resulting mixture was stirred at 60℃ for 4 h. Subsequently, then 10 mL of 6 M HCl in isopropanol and 10 mL of 2 M NaOH solution were added to the mixture. The organic phase was then separated, dried (magnesium sulfate), and allowed to evaporate to yield a residue. The residue was recrystallized from methylene chloride and ether to give XIV-1 (0.27 g, 31.2%), XIV-2 (0.45 g, 49.3%), XIV-3 (0.58 g, 63.6%), XIV-4 (0.52 g, 52.1%), and XIV-5 (0.59 g, 62.3%) as yellow solids (Table 3) .
4-[5-(2-Cyclopropylaminopyrimidin-4-yl)-4-arylthiazol-5-yl]-1-methylpiperidine derivatives (XV-1~XV-5)
Formaldehyde (0.13 g, 5.02 mM) and sodium borohydride (0.16 g, 5.02 mM) were added to a solution of XIV-1 (1.02 g, 2.51 mM), XIV-2 (1.07 g, 2.51 mM), XIV-3 (1.07 g, 2.51 mM), XIV-4 (1.18 g, 2.51 mM), and XIV-5 (1.12 g, 2.51 mM) in methanol (10 mL) After accumulation, the resulting mixture was stirred at room temperature for 30 min, followed by the addition of 10 mL water and 10 mL ethyl acetate. The organic phase was then separated, dried (magnesium sulfate), and evaporated to yield residue. The residue was re-crystallized from methylene chloride and ether to give XV-1 (0.28 g, 26.3%), XV-2 (0.51 g, 45.7%), (Table 4) . (Choi et al., 2010; Nam et al., 2011) . Table 5 shows fungicidal activity of I against P. capsici.
Results and Discussion
At 40 mg/L, I exerted a strong inhibitory action on the growth of P. capsici, inhibiting growth in at least 91% of the growth zone. In the whole plant experiments, its EC 50 value was 1.01, whereas that of the commercial fungicide dimethomorph was 4.26 mM (Table 7) . Thus, I displayed a potent fungicidal effect on P. capsici, and appeared to be suitable for use as a leading compound for further synthesis (Nam et al., 2011) . (Table   5 ). At 40 mg/L, XV-3 exerted a strong inhibitory action on the growth of P. capsici, inhibiting growth in at least 92% of the growth zone, whereas that of the commercial fungicide dimethomorph was 70%, and Table 2 shows (Table 7) . These EC 50 values were much stronger than that of the commercial fungicide dimethomorph (EC50 value, 4.26±0.02 mM), and there was a pattern in the activity. The structure-activity relationship in compounds XV-1~5 were as follows: XV-1~5 with N-methyl piperidine manifested strong fungicidal activity, and the replacement of the 4-fluoro-3-methylphenyl, 4-fluoro-3-chlorophenyl, 4-chloro-2-fluorophenyl, 4-bromo-3-methylphenyl, and 2,4-dichlorophenyl groups significantly enhanced the fungicidal activity. XV-1, XV-2 and XV-4, XV-5 had also more improved fungicidal activity against P. capsici than that of the dimethomorph, but were less active than I. These compounds showed a gradual increase in fungicidal activity in the following order: XV-4, XV-1, XV-5, XV-2, I and XV-3 (Tables 6 and 7) . Compound I showed fungicidal activity on P. capsici with the protection rate of 91.5% at 20 μg/mL; this compound had EC 50 and EC 90 values of 1.01±0.11 and 6.31±0.09 mM. Taken together, all results confirmed our original scheme: thiazole compounds mixed with aryl halide groups on the thiazole ring could increase the fungicidal activity. In the present study, all newly synthesized compounds containing aryl halide groups displayed potent fungicidal activity against P. capsici.
With regard to structure-activity relationship of the newly synthesized compounds XV-1 to XV-5, the functional group on the thiazole ring of compounds such as aryl halide group may play an important role in the fungicidal activity against P. capsici. A dramatic fungicidal effect was found in the compounds that possessed the 4-chloro-2-fluorophenyl group on the thiazole ring designated as XV-3. On the other hand, amine of piperidine groups containing N-methyl group among the newly synthesized compounds also showed fungicidal activity on P. capsici, and XV-3 containing 4-chloro-2-fluorophenyl group increased fungicidal activities against P. capsici at the protection rate of 95.6% and 20 μg/mL; this compound had EC 50
and EC 90 values of 0.98±0.21 and 5.85±0.05 mM. These data may be extremely useful for developing new fungicides from compounds that include an aryl halide. 
